Background: Oxidative stress plays a significant role in stroke pathogenesis. Hence, plants rich in antioxidant phytochemicals have been suggested as effective remedies for prevention and treatment of stroke and other neurological diseases. Antiaris africana Engl. (Moraceae) is traditionally used for the management of brain-related problems but there is paucity of data on its anti-stroke potential. Materials and Methods: Ischemia/reperfusion injury was induced by a 30 min bilateral common carotid artery occlusion/ 2 h reperfusion (BCCAO/R) in the brain of male Wistar rats. A sham-operated group which was not subjected to BCCAO/R and a group subjected to BCCAO/R without treatment with MEA served as controls. The ameliorative effect of 14 days of pretreatment with 50 mg/kg or 100 mg/kg A. africana methanol leaf extract (MEA) on BCCAO/R-mediated alterations to key markers of oxidative stress (malondialdehyde, reduced glutathione, xanthine oxidase, superoxide dismutase, catalase and glutathione peroxidase) and neurochemical disturbances and excitotoxicity (myeloperoxidase, glutamine synthetase, Na
Introduction
The brain is the centre for coordination of activities of all organs in the body. It consummately relies on glucose as its primary source of energy, and oxygen for complete conversion of glucose to energy. These two molecules are carried via the blood system, and thus a constant flow of blood to the brain is essential for its proper function (Sunil et al., 2011) . Cerebral ischemia is the reduction or cessation of blood flow to the brain as a result of occlusion or blockage of arteries conveying the blood which results to stroke and severe damage to the whole body. Mortality and disability from stroke remain among the highest globally (Brouns and De Deyn, 2009; Towfighi and Saver, 2011; Connell et al., 2017) .
Ischemia causes depolarization of neurons and upon reperfusion triggers generation of excessive intracellular reactive oxygen species (ROS), calcium overload, excitotoxic cell injury and inflammation, which ultimately lead to irreversible brain injury. The culmination of this intricate cascade of events is cell death via necrosis or apoptosis depending on the intensity and extent of the ischemic episode (Arumugam et al., 2005 ; Gupta and Gupta, 2017; Reis et al., 2017) . Many significant preclinical researches to discover perspicacious treatment that can reduce stroke induced brain damage and deformities have been carried out but the availability of a remarkably guaranteed neuroprotective drug approved for stroke is still lacking (Macrae, 2011; Kalani et al., 2016) .
Many drugs originate from plants, thus they have been the focus of search for novel bioactive agents with negligible or zero side-effects in the treatment of diseases. Medicinal plants could be a source of novel phytomedicines against oxidative stress, excitotoxicity, inflammation and other damaging ischemic cascades and as such could be relevant in the treatment of neurological diseases like stroke and other pathologies whose aetiology involve free radical mechanisms (Akinmoladun et al., 2010) .
Antiaris africana Engl. belongs to the family Moraceae. The plant is commonly called "Oro" among the "Yoruba" speaking people of Western Nigeria, "Ojianwu" among the "Ibo" speaking people of Eastern Nigeria and "Farin loko" among the "Hausa" speaking people of Northern Nigeria. In the northern part of Nigeria, it is traditionally used for the management of mental and nervous disorder. Different parts of the plant are reportedly used for the treatment of various ailments ranging from rheumatism, respiratory problem, stomachic pain, syphilis, leprosy, purgative and sore throat to epilepsy (Gill, 1992; Adewuyi et al., 2010) . The compounds 3, 39-dimethoxy-49-O-β-d-xylopyronosylellagic acid, oleanolic acid, strophantidol and ursolic acid with antioxidant and antitumor activities have been isolated from the plant (Kuete et al., 2009 ) and a flavonoid-rich fraction of the plant was reported to possess antibacterial activities (Banso and Mann, 2008) . In addition, the presence of several phenolics in the methanol leaf extract of the plant has been reported (Omotayo et al., 2016) . The present study assessed the ameliorative effect of methanol leaf extract of Antiaris africana on bilateral common carotid artery occlusion/reperfusion-induced cerebral injury with a view to ascertaining the anti-stroke potential of the plant.
Materials and Methods

Chemicals and drugs
Reduced glutathione (GSH), adenosine triphosphate (ATP), acetylthiocholine iodide, 6,7-Dimethyl-5,6,7,8-tetrahydropterine (DMTHP), 5 ' ,5 ' -dithiobis-2-nitrobenzoic acid (DTNB), thiobarbituric acid (TBA), xanthine (2,6-Dihydroxypurine), adrenaline, ammonium molybdate, oxidized nicotinamide adenine dinucleotide (NAD), reduced nicotinamide adenine dinucleotide (NADH), tyrosine, tetramethylbenzidine, L-glutamate, sodium azide (NaN3) and amino naphtol sulphonic acid (ANSA) were products of Sigma-Aldrich (St. Louis, MO, USA). Other chemicals and reagents used were of analytical grade.
Preparation of plant extract
Antiaris africana leaves were collected from Forestry Research Institute of Nigeria (FRIN), Ibadan, Nigeria and authenticated at Botany department, University of Ibadan, Ibadan, Nigeria (voucher number 070613M). The leaves were air dried, pulverized and macerated in 80% methanol for 48 h and then filtered. The filtrate was concentrated using a rotary evaporator and further lyophilized to obtain the extract (MEA) used for the study.
Animal grouping and treatment
Male Wistar Albino rats weighing 230-250 g were used. They were provided with food and water ad libitum. All animals were acclimatized to laboratory condition for 2 weeks before the commencement of experiment. Guidelines for the care and use of laboratory animals (European Community guidelines (Directive 86/609/EEC of the EU) were strictly adhered to throughout the study. Animals were divided into five groups with eight animals per group and treated as follows: Group I: sham-operated Group II: administered corn oil (p.o.) and subjected to occlusion of the common carotid arteries and reperfusion (BCCAO/R) Group III: administered MEA (50 mg/kg p.o.) + BCCAO/R Group IV: administered MEA (100 mg/kg p.o.) + BCCAO/R Group V: administered quercetin (20 mg/kg i.p.) as the reference standard + BCCAO/R Animals were orally administered MEA for 14 days after which surgical procedure for BCCAO/R was performed.
Surgical procedure
Surgical procedure for bilateral common carotid artery occlusion was performed as previously described (Akinmoladun et al., 2015) . Briefly, Rats were anaesthetized with 350 mg/kg chloral hydrate (i.p.). A midline incision was made in the neck region and the common carotid arteries were exposed, care being taken to preserve the vagus nerves. The carotid arteries were ligated using cotton threads. With the exception of occlusion of the carotid arteries, surgical procedures in sham-operated animals were the same as those in the BCCAO-operated animals. During surgery, temperature was maintained at 36 -38 o C with a heating lamp. Ischemia was allowed for 30 min, followed by a 2-hour reperfusion initiated by removal of the threads from the arteries. Arteries were visually inspected to confirm cessation and reflow of blood following ligation and removal of threads, respectively. Following reperfusion, brains were excised and processed for biochemical assays.
Excised brains were quickly rinsed in ice cold 1.15% potassium chloride solution, blotted with filter paper, weighed and homogenized in phosphate buffered saline (pH 7.4). The supernatant used for biochemical estimations was obtained by centrifuging homogenate at 6,000 rpm for 10 min at 4°C.
Biochemical Estimations Glutamine Synthetase activity
Glutamine synthetase activity was evaluated as per the method previously reported (Sunil et al., 2011) . Tris-HCl buffer, 0.2 M glutamate, 0.1 mM ammonium, 3 mM MgCl2 and 1 mM ATP in a total volume of 700 µl was incubated at 37 o C for 5 min. Then 0.1 ml of supernatant was added and the mixture was further incubated at 37 o C for 15 min followed by the addition of 0.5 ml of 10% TCA to stop the reaction. The control was prepared by adding 0.1 ml of supernatant after 10% TCA has been added. The reacting mixture was centrifuged at 3500 rpm for 10 min to remove the precipitate and 0.2 ml of supernatant was pipetted into another test tube to which 0.925 ml of distilled water, 0.125 ml of ammonium molybdate and 50 µl of ANSA were added and incubated at 37 o C for 10 min. Absorbance was read at 640 nm against a blank using a spectrophotometer. A standard calibration graph was plotted using potassium dihydrogen phosphate in the concentration range of 1.6-8.0 µg.
Na + /K + ATPase activity
Assay was carried out as formerly reported (Sunil et al., 2011) . Briefly, a reaction mixture containing 184 mM Tris HCl buffer, 600 mM NaCl, 50 mM HCl, 1 mM Na EDTA and 80 mM ATP was incubated at 37 o C for 10 min followed by the addition of 25 µl of supernatant and a further incubation at 37 o C for 60 min. The reaction was stopped by the addition of 10% TCA. The control was prepared by the addition of supernatant after TCA has been added. The mixture was centrifuged at 3500 rpm for 10 min to remove the precipitate. The liberated inorganic phosphorus was measured as decribed for glutamine synthetase activity.
Xanthine oxidase (XO) Activity
Assay for XO activity was performed according to Gulec et al. (2006) . The reaction mixture consisted of 0.2 ml supernatant of brain, which was incubated for 5 min at 37 o C with 0.1 M phosphate buffer (pH 7.4). Then, 0.15 mM xanthine was added to the reaction mixture which was kept at 37 o C for 20 min, followed by the addition of 10% TCA and distilled water in a total volume of 4 ml. The mixture was then centrifuged at 1500 g for 10 min and absorbance was read at 290 nm. The enzyme activity was calculated as nanomole uric acid formed/min/mg protein, using a molar extinction coefficient of 12,200 M -1 cm -1 .
Myeloperoxidase Activity (MPO)
Evaluation of myeloperoxidase activity was carried out according to a previously published procedure (Eiserich et al., 1998). Brain supernatant (0.2 ml) was added to a solution of tetramethylbenzidine (1.2 mM) and H2O2 (100 mM) in NaH2PO4 (43 mM, pH 5.4) and absorbance was taken spectrophotometrically at 450 nm.
Tyrosine Hydroxylase activity
This was assayed for as previously described (Shiman et al., 1971; Craine et al., 1972) . Briefly, reaction agents were added in the following sequence: 1.5 ml of TRIS buffer, 0.03 ml of tyrosine, 0.05 ml of DMTHP, 0.17 ml of distilled water; mixed and equilibrated at 37 o C. Supernatant (0.3 ml) was added and immediately mixed by inversion and the decrease in absorbance was recorded for 5 min to obtain the change in absorbance at 340 nm per minute. The activity was calculated with molar extinction coefficient of 6.22 for β NADH. One unit will form 1.0 nanomole of L-DOPA from tyrosine per minute at pH 7.0 at 37°C.
Acetylcholinesterase activity
This was estimated according to the method developed by Ellman et al. (1961) . This is based on the principle of thiol group reacting with DTNB to form yellow colored thionitrobenzoic acid, which was read at 412 nm.
Superoxide Dismutase (SOD) activity SOD activity was evaluated by the well reported method of Misra and Fridovich (1972) by monitoring absorbance of a mixture containing the brain supernatant, carbonate buffer (0.05 M, pH 10.2) and adrenalin (0.3 mM) for 150 s at 480 nm.
Catalase activity
The activity of catalase was evaluated according to Sinha (1972) . This method is based on the disappearance of H2O2. The reaction volume contained 0.1 M sodium phosphate buffer (pH 7.4), 0.05 M H2O2, and 0.05 ml brain supernatant. Change in absorbance was recorded kinetically at 240 nm. Catalase activity was calculated in terms of mole H2O2 consumed/min/mg protein using a molar extinction coefficient of 39.6 M -1 cm -1 .
Lipid peroxidation
Lipid peroxidation was determined by measuring the formation of thiobarbituric acid reactive substances (TBARS) according to previously published procedures (Ádam-Vizi and Seregi, 1982; Varshney and Kale, 1990) . Briefly an aliquot of 0.4 ml of brain supernatant was mixed with 1.6 ml of Tris-KCl buffer to which 0.5 ml 30% TCA was added. Then, 0.5 ml of 0.75% TBA was added and the mixture was placed in a water bath for 45 min at 80 o C. This was then cooled and centrifuged at 3000 g. The clear supernatant was collected and absorbance measured against a reference blank at 532 nm. MDA level was calculated using a molar extinction coefficient of 1.56 x 10 5 M -1 cm -1 .
Reduced glutathione (GSH) content
GSH content was determined according (Jollow et al., 1974 ). The reaction is based on the fact that the thiol group of GSH reacts with DTNB to form thionitrobenzoic acid. The supernatant was mixed with 4% sulphosalicylic acid. The mixture was allowed to stand for 5 min and then filtered. Thereafter, 1 ml of filtrate was added to 4.0 ml of the Ellman's reagent. The absorbance was read at 412 nm against a reagent blank.
Glutathione peroxidase (GPx) activity
Glutathione peroxidase activity was evaluated according to the procedure described by Rotruck et al. (1973) . A mixture of 0.1 M phosphate buffer (pH 7.4), 10 mM sodium azide, 4 mM GSH, 2.5 mM H2O2 and 0.5 ml of brain supernatant was incubated at 37°C for 3 min followed by the addition of TCA (10%) and centrifugation of mixture at 3,000 rpm for 5 min. Two ml of K2HPO4 and 1 ml of 0.04% DNTB were added to 1 ml of the supernatant obtained and the absorbance was read at 412 nm against a blank. 
Total protein estimation
Statistical analysis
Results were expressed as mean ± standard deviation (SD). All data were analyzed using analysis of variance (ANOVA) followed by Duncan's test. Values of p<0.05 were considered significant.
Results
Glutamine synthetase activity
Ischemia followed by reperfusion (BCCAO/R) significantly increased the glutamine synthetase (GS) activity in the brain of animals in comparison to the sham-operated (SO) group (p<0.001). Pretreatment with MEA (50 mg/kg) had no significant effect on brain GS activity. However, group pretreated with 100 mg/kg MEA showed a significant decrease in GS activity compared to BCCAO/R group (p<0.001). Quercetin (20 mg/kg i.p) administered group showed a significant suppression of GS activity as compared to BCCAO/R group (Fig. 1) .
Na + K + ATPase activity
The brain Na + K + ATPase activity was significantly reduced in BCCAO/R group compared to SO group (p<0.001). Administration of MEA significantly increased Na + /K + ATPase activity compared to the BCCAO/R group (p<0.001). Administration of quercetin also resulted in a significant increase in the enzyme compared to the ischemic control group (Fig. 2) .
Xanthine oxidase (XO) and myeloperoxidase (MPO) activities
Xanthine oxidase activity was significantly elevated in the brain of rats subjected to BCCAO/R as compared to the SO group (p<0.001). Pretreatment with MEA significantly suppressed the activity of xanthine oxidase in a dose dependent manner when compared to BCCAO/R group (p<0.001). Quercetin also significantly suppressed the activity of XO in comparison to BCCAO/R group (p<0.001). Significant increase in MPO activity by BCCAO/R in rat brain was observed as compared to SO group (p<0.001). MEA significantly decreased the activity of MPO as compared to BCCAO/R group (Table 1 ). 
Tyrosine Hydroxylase (TH) activity
Significant decrease in the TH activity in the brain of BCCAO/R group was observed in comparison to the SO group. Administration of MEA resulted in a significant amelioration of the decrease in TH activity when compared to BCCAO/R group (p<0.001) (Fig.3) .
Acetylcholinesterase activity
The significant decrease in AChE activity in the brain of BCCAO/R groups compared to SO group was ameliorated in 100 mg/kg MEA pretreatment group. Also, quercetin significantly elevated AChE activity compared to BCCAO/R group (p<0.001) (Fig.4) . Table 2 revealed that BCCAO/R significantly led to elevated brain MDA levels. MEA treatment resulted in a significant decrease in the MDA level when compared to the BCCAO/R group (p<0.05 at 50 mg/kg and p<0.001 at 100 mg/kg). Also, quercetin significantly suppressed MDA generation compared to BCCAO/R groups (p<0.001). Results for GSH level followed and inverse pattern to that of lipid peroxidation. The significant decrease in GPx activity occasioned by BCCAO/R was ameliorated by MEA and quercetin pretreatments (Table 3 ). In addition, there was a significant decrease in SOD activity in rats subjected to BCCAO/R when compared to SO rats (p<0.001) which was mitigated by MEA and quercetin pretreatment (p<0.001). A similar trend was observed for catalase activity. 
Cerebral antioxidant status
Discussion
Ischemia leads to extensive disruption of brain biochemical network which is compounded by reperfusion. BCCAO/R in the present study was characterized by a significant increase in cerebral glutamine synthetase (GS) activity but a decrease in brain Na + K + ATPase activity. Synaptic clearance of glutamate depends to a large extent on glial bound GS and Na + K + ATPase activities (Benarroch, 2005) and the increased activity of GS may be due to glutamate excitotoxicity as a result of ischemia (Ramanathan, 2007) . Increase in GS activity alters astrocytes osmoregulation and this may have a secondary effect on energy metabolism (Zwingmann and Butterworth, 2005) . Impairment of ATPase action has been implicated in the pathophysiology of cerebral ischemia (Mdzinarishvili et al., 2012) . Apart from its role in glutamate clearance, ATPase pump helps to maintain electrolyte and fluid balance across cell membrane. Therefore, impairment of this pump leads to deregulation of ionic gradients across membrane resulting in increased intracellular Na . This facilitates increased uptake of water from the extracellular space by the astrocytes which gives rise to cytotoxic brain edema (Khanna et al., 2014) .
Increased AChE activity in the ischemia/reperfusion control group is a reflection of the damaging effect of ischemia and reperfusion on cholinergic neurotransmission (Ray et al., 2014) . AChE, a membrane-bound enzyme found mainly in the brain, muscles, erythrocytes, lymphocytes, and cholinergic neurons, is considered another valuable therapeutic target for several neurological disorders (Mukherjee et al., 2007; Spanevello et al., 2010; Mekinić et al., 2013; Okoshi et al., 2014) . The cholinergic system performs important roles in many functions of both the CNS and peripheral nervous system and acetylcholine (ACh), the main neurotransmitter of the cholinergic system, plays vital functions in processes including movement control and modulation of cerebral blood flow (Parton et al., 2005; Kim and Kim, 2013) . The hydrolytic enzyme, cholinesterase, regulates ACh levels by breaking down this neurotransmitter in many tissues. AChE activity is altered in response to redox imbalance and affected by various degree of injury to the organism which can stimulate rapid ACh degradation and consequently, decreased stimulation of ACh receptors leading to negative effects on cholinergic neurotransmission as well promotion of cognitive impairment (Elufioye et al., 2010; Abdalla et al., 2013 The neurotransmitter, dopamine, is produced from the amino acid, tyrosine, through the catalytic action of tyrosine hydroxlase (TH) which is the rate-limiting enzyme in the pathway. (Daubner and Wang, 2011) . The expression of TH is affected by ischemia (Li et al., 2004) . In this study, BCCAO/R caused a significant suppression of tyrosine hydroxylase activity. Like acetylcholine, dopamine plays a crucial role in motor function. As a result, its depletion as a result of decreased activity of TH might disturb normal motor function as observed in many stroke patients (Zhang et al., 2010; Magalingam et al., 2014) .
Xanthine oxidase (XO) exists primarily as xanthine dehydrogenase (XDH) in normal tissue but is cleaved by a protease and converted to XO during excitotoxic activities. Coupled to this, adenosine triphosphate (ATP) is converted to hypoxanthine, which is highly elevated during ischemia. Hypoxanthine is converted to xanthine by XO with concomitant production of superoxide ion (O2
•-radicals) and uric acid (Parks and Granger, 1983; Granger et al., 1986) . Another important activity of XO is the oxidation of xanthine, leading to formation of H2O2 and OH
• radicals. The BCCAO/Rinduced increase in XO activity may be one of the triggers of the increased ROS production and part of the mechanism that links oxidative stress to cerebral ischemic damage.
Inflammation plays a key role in the pathophysiology of ischemic injury (Carrizo et al., 2007; Altermann et al., 2017) . Our result shows that BCCAO/R-induced ischemic damage in rats caused a significant increase in myeloperoxidase (MPO) activity. This observation, which supports pro-inflammatory mechanism in ischemic neuronal damage, corroborates similar findings from previous studies (Crack et Excitotoxicity, oxidative stress, inflammation and neurotransmitter dysregulation are key targets in stroke therapy. These processes are underpinned by altered activities of key enzymes such as those investigated in this study which has revealed the possible neuromodulatory, antioxidant and anti-inflammatory properties of A. africana via antiexcitotoxic, antioxidant, anti-inflammatory and other mechanistic routes leading to conferment of protection against BCCAO/R insult. Conclusively, this study demonstrated the protective property of A. africana leaf extract against cerebral ischemia/reperfusion-induced injury via amelioration of several damaging biochemical cascades of ischemic injury and suggested its potential relevance as a veritable pharmacological intervention against stroke.
